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1. Introduction

This contribution reviews implementation complexity aspects of DCH enhancements currently under study as part of 3GPP study item proposed in [1]. 

[---------------------------------------------------------------------TEXT START---------------------------------------------------------]
12 Impact on Implementation

In this section, the required changes and associated complexity to implement the proposed DCH enhancements are discussed.  

12.1
Impact on Infrastructure Implementation

The proposed DCH enhancements require a number of modifications on the part of network in DL and UL that are itemized and discussed in this section.
12.1.1 New DL DPCH Slot Formats
The DL DPCH Slot Format is specified with parameters Ndata1, NTPC, NTFCI, Ndata2, Npilot.  DL DPCH slot format modifications require changes to the values specified for these parameters.  For example, pilot free slot format corresponds to setting Npilot = 0, similar to NTFCI = 0 in BTFD.
TDM of users also requires changes in constructing slot formats for users.  For example, in Section 5.2.4.1 TDM option 1 for user pairing using 10ms TTI, two users share TPC fields in the slot format.  
12.1.2 New UL Slot Formats
In UL, proposed DCH enhancements require reconfiguration of Ndata, NTPC, NTFCI, Npilot like DL. 
In addition, to maintain the ILPC timeline, two solutions are proposed in this study. One described in Section 5.2.2.2 is to reconfigure DL slot format such that TPC fields occupy the position of dedicated pilots in legacy slot format.  In another solution described in 5.1.1.1, position of TPC fields in UL DPCCH slot format is changed to the beginning of the slot, instead of the end where TPC fields are located in legacy slot format.

12.1.3 Rate Matching and Multiplexing
The encoding and decoding chains need to be modified to introduce changes to multiplexing and rate matching as introduced in FET Option 2 in Section 5.1.1.2 and 5.2.1.2.  The chain of blocks as shown in Figure 1 and Figure 2 in TS 25.212 are modified.  In DL and UL, the order and mechanisms for multiplexing, encoding, rate matching, and interleaving are changed.
12.1.4 FET ACK Indication
12.1.4.1 I-Q multiplexed with the TPC symbols
The main modification is to multiplex TPC bit and ACK bit together.
12.1.4.2 ACK on a new code channel
This is to introduce a new channel to carry ACK signaling for FET. Implementation impact is to possibly allocate a new channelization code in DL, and all associated implementations of slot formats, radio frame construction and data encoding, along with power control mechanisms for this the new channel.
12.1.4.3 ACK using spared TPC symbols
The main modification is to transmit TPC bits every alternate slots. In addition, the freed TPC fields every alternate slot are possibly used for ACK signaling, as for example in Solution 2. This solution requires modification of TPC rate and hence changes to ILPC timeline, and possible SINR estimation algorithms.
12.1.5 UL FET-DPCCH
For the new channel, NodeB needs to implement a new channel to carry UL FET control information such as TFCI and ACK. 

12.1.6 New shared DCH channel for SRB over DCH

Shared DCH is a new channel designed based on legacy DCH.  Implementation impact is to allocate a new channelization code in DL, and all associated implementations of slot formats, radio frame construction and data encoding, along with handling power control for the shared channel, and software modifications to signal user ID in control fields of shared DCH.
12.1.7 Frame early termination
Frame early termination requires changes in decoding chain, transmitting and decoding ACK signals on DL and UL, respectively, and DL transceiver termination in response to successful early decoding or receiving ACK signaled on UL. 

The decoding chain modifications require multiple trials of decoding the transmitted packet, before the entire TTI worth of data is received.  The decoder simply assumes no information is available for unseen portion of the TTI and attempts demultiplexing and decoding of the encoded frame.  The main complexity in decoding the packet are in sampling, match filtering, equalization or rake combining, and Viterbi decoding. Complexity in sampling, match filtering, and rake or equalizer processing remain unchanged to enable multiple decoding attempts. Demultiplexing needs to be repeated multiple times, however, the complexity of demultiplexing and de-rate-matching is not considered to be significant.  

Aside from symbol processing, Viterbi decoding is the other contributor to complexity.  However, since the packet sizes are relatively small in AMR 12.2k, the code length in the worst case of FULL packet is less than 1000 bits. For such short packets, Viterbi decoding is of relatively low complexity, particularly in contrast to decoding larger packet sizes or turbo decoding.  
Signaling DL ACK for UL FET requires changes in NodeB to encode and transmit the ACK message. For example, the ACK message may be sent over spare TPC fields (as proposed in Section 5.2.3.3) or be I/Q multiplexed with TPC symbols (as proposed in Section 5.2.3.1). The ACK message on DL may also be sent over a separate DL channel (as proposed in Section 5.2.3.2). On the receive side, NodeB needs also to decode the UL ACK message.  
Finally, FET requires the NodeB terminate transmission of DPCH upon receiving UL ACK signal, and potentially terminate receiver processing upon successful early decoding of UL channel. Despite DPDCH transmission can be terminated upon receiving UL ACK message for DL FET, DPCCH channel may need to continue transmission of TPC bits until UL transmission is also decoded and can be terminated.  

Another implementation requirement for frame early termination is increased CRC size to allow reliable termination of early decoded frames.  CRC size is part of TFC specification and as part of new TFC implementation in proposed DCH enhancements, new CRC sizes can be specified for CS traffic.  CRC check impact on complexity due to increase from 12 to 16 is negligible. 

12.1.8 User pairing and extended SHO
TDM of multiple users and sharing OVSF codes among multiple users to free code space may require the NodeB to allocate Tau-DPCH in a way such that user pairing is optimized such that fewer codes are used in soft handover scenarios.  Relaxing requirements on SHO combining window delay also reduces the complexity of implementation for user pairing in SHO, but may increase UE complexity and reduce the time that UE can apply DRX
12.2
Impact on UE Implementation

Similar to the network implementation, the proposed DCH enhancements require some modifications at the UE in DL and UL that are itemized and discussed in this section.

12.2.1 New DL DPCH Slot Formats

In DL, DPCH is specified with parameters Ndata1, NTPC, NTFCI, Ndata2, Npilot. DL DPCH slot format modifications require changes to the values specified for these parameters.  The UE receiver may need to be reconfigured to collect the relevant bits according to new slot format parameters.
When TDM of users, UE also requires to only process relevant TDM slots (Section 5.2.4.2 TDM option 2), or slot format fields (Section 5.2.4.1 TDM option 1). For example, in Section 5.2.4.1 TDM option 1 for user pairing using 10ms TTI, UE should only process its own portion of TPC fields.  

In addition, without dedicated pilot, the SINR estimation in ILPC operation needs to be modified at the UE side. For example, the UE may use TPC bits to measure SINR for the purpose of ILPC operation.
12.2.2 New UL Slot Formats

In UL, proposed DCH enhancements require reconfiguration of Ndata, NTPC, NTFCI, Npilot like DL.  UE should reconfigure its UL slot format. The UL slot formats proposed in this study are already defined in the specification, however, some may not be defined for R99. In that case, UE needs to enable using TFCI-free slot formats for voice traffic.
In addition, UE may need to restructure the fields in UL DPCCH to maintain the ILPC timeline. As mentioned earlier in Section 12.1.2, two solutions are possible as outlined in Section 5.2.2.2 and 5.1.1.1. One is to reconfigure DL slot format such that TPC fields occupy the position of dedicated pilots in legacy slot format. In another solution, position of TPC fields in UL DPCCH slot format is changed to the beginning of the slot, instead of the end where TPC fields are located in legacy slot format.

12.2.3 Rate Matching and Multiplexing
Similar to NodeB side, the encoding and decoding chains need to be modified to introduce changes in multiplexing and rate matching as introduced in  FET Option 2 in Section 5.1.1.2 and 5.2.1.2. The affected blocks are shown in Figure 1 and Figure 2 in TS 25.212. The order and mechanisms for multiplexing, encoding, rate matching, and interleaving are changed.   

12.2.4 FET ACK Indication
12.2.4.1 I-Q multiplexed with the TPC symbols
UE needs to decode the ACK, which is multiplexed with the TPC symbols.
12.2.4.2 ACK on a new code channel
For the new channel, UE needs to implement a new de-spreading chain and corresponding ACK decoding process.
12.2.4.3 ACK using spared TPC symbols
The main modification by this design is to transmit TPC bits every alternate slot. In addition, UE may need to modify encoding of TPC fields in UL DPCCH to use the freed TPC fields every alternate slot possibly for ACK signaling. In this case, the UE needs to change ILPC timeline for TPC rate reduction, and possibly SINR estimation algorithms.
12.2.5 UL FET-DPCCH
This is to introduce a new channel. Implementation impact is to allocate a new channelization code in UL, and all associated implementations of slot formats, radio frame construction and TFCI/ACK encoding.
12.2.6 New shared DCH channel for SRB over DCH

For the shared DCH, UE in addition to implementing a new de-spreading chain to monitor shared DCH channel, needs to monitor advertised user ID in shared DCH to identify whether there is relevant data sent for UE.  
12.2.7 Frame early termination

Like NodeB, frame early termination at UE requires changes in decoding chain, transmitting and decoding ACK signals on UL and DL, respectively, and UL transceiver termination in response to successful early decoding or receiving ACK signaled on DL. Encoding chain remains mostly unchanged on the NodeB side, except for in-band signaling of DCCH presence and increase in CRC length.
The required changes to decoding chain are similar to those required for NodeB. The increase in complexity comes from multiple Viterbi decoding attempts, which is not significant due to short length of the voice packets.
Finally, FET requires the UE to terminate transmission of DPCH upon receiving DL ACK signal, and terminate receiver processing upon successful early decoding of DL channel. 
12.3
Overview of feature benefits and complexity

Tables 12.3.1 and 12.3.2 provide an overall overview of the benefits and complexity introduced as part of proposed DCH enhancements.
Table 12.3.1: Overview of features’ benefit and complexity in DL
	Feature
	Discussion of Benefit
	Implementation Complexity

	
	
	Network
	UE

	FET Option 1 with Shortened TTI
	· Higher spectral efficiency due to improved chance of decoding

· Improved UE power consumption with DTX/DRX
	· ACK decoding
· Blanking of alternate 10ms radio frames

· DTX of early terminated frame
	· Multiple Viterbi decoding attempts

· DRX operation following successful early decoding
· Transmission of ACK 

	FET Option 2 with New Rate Matching and Interleaving
	· Higher spectral efficiency
· Improved UE power consumption with DTX/DRX

	· TX Encoding chain change

· ACK decoding
· DTX of early terminated frame
	· Decoding chain change

· Multiple decoding
· DRX operation following successful early decoding

	FET Option 3 with Legacy TTI
	· Higher spectral efficiency
· Improved UE power consumption with DTX/DRX
	· ACK decoding
· DTX of early terminated frame
	· Multiple Viterbi decoding attempts

· DRX operation following successful early decoding
· Transmission of ACK 

	DPCH TDM at TTI Level

	· Power saving due to DRX in alternate 10ms radio frames

· May result in system throughput loss due to increased usage of OVSF codes if user pairing is mishandled
	· Handling of user pairing
	· DRX operation during alternate 10ms radio frames

	DPCH TDM at Slot Level


	· Increased max number of voice users
· May result in system throughput loss due to reduced coding gain and increased usage of OVSF codes if user pairing is mishandled
	· Handling of user pairing
	· Slot-wise DRX operation 

	New DL-DPCH slot format Option 1
	· Enables pilot-free slot format
· Uses same number of TPC fields as legacy slot format
	· Implementation of new slot format
	· Implementation of new slot format

	New DL-DPCH slot format Option 2
	· Enables pilot-free slot format
· Allowing for optimization of TPC fields


	· Implementation of new slot format
	· Implementation of new slot format

	DL ACK signalling as part of DL DPCCH
	· ACK signalling for UL FET
	Multiplex ACK with TPC bits
	Monitor and decode the multiplexed ACK

	DL ACK signalling  on a new code channel
	· ACK signalling for UL FET
	Introduce a new channel
	Monitor and decode new DL channel

	DL ACK signalling using spared TPC symbols 
	· Reduced signalling
· Replaced for ACK signalling
	NodeB needs to skip sending TPC bits every alternate slot, and send ACK in spare TPC positions when needed.
	UE needs to monitor ACK on alternate TPC symbols starting from a predetermined slot number

	Shared DCH
	· Power saving due to DRX

· Faster SRB

· Frees code space

· Applicable with Enhanced Voice over DCH and with any traffic over HSDPA
	· Implementation of new DL channel
	· Monitor and decode new DL channel

	Extended SHO
	· Assists with user pairing at the expense of reduced DRX gains
	· Calculate Tau based on user pairing
	· Changes to finger combining in soft handover across a large window
· Increased buffering at UE

	New Rate Matching and Interleaving for FET (Option 2)
	· Rate matching optimization in conjunction with FET
· New interleaving to enhance FET
	· Implementation of new rate matching, channel multiplexing, and interleaving blocks
	· Implementation of new de-rate matching, channel demultiplexing, and de- interleaving blocks

	Psuedo-Flexible Rate Matching for FET (Option 3)
	· Reusing flexible rate matching to enhance FET


	· Changes to rate matching based on flexible rate matching functionality
	· Changes to de-rate matching block based on flexible de-rate matching block


Table 12.3.2: Overview of features’ benefit and complexity in UL
	Feature
	Discussion of Benefit
	Implementation Complexity

	
	· 
	Network
	UE

	FET with repetition of 10ms TTI
	· Higher spectral efficiency due to improved chance of decoding

· Improved UE power consumption with DTX/DRX
· Increased chance of FET
· Improved battery saving due to more chance of DTX
	· Multiple Viterbi decoding attempts
· Combining repeated packet across10ms radio frames 
	· ACK decoding
· Packet repetition at MAC layer with 10ms TTI configuration in PHY layer
· DTX of early terminated frame 

	FET with new rate matching and interleaving chains
	· Better spectral efficiency
· Improved UE power consumption with DTX/DRX
	· Decoding chain change including de-rate matching in de-interleaving

· Multiple Viterbi decoding
	· TX Encoding chain change including rate matching and interleaving
· ACK decoding
· DTX of early terminated frame 

	New UL-DPCCH slot format removing TFCI
	· Keeps ILPC timeline unchanged
· Improved link performance with more pilot symbols
	· Implementation of new slot format 
	· Implementation of new slot format

	FET ACK carried over New FET control channel 
	· Sends TFCI early to enable faster FET

· Enables DTX at UE after early termination
· Fast transmission of NULL frames to NodeB and early DTX at UE 
	· Monitor and decode channel based on HS-DPCCH structure
	· Implementation of new channel based on HS-DPCCH structure

	FET ACK TDM of FET ACK and TFCI in DPCCH
	· FET-ACK robustness
	· Implementation of new slot format
	· Implementation of new slot format

	FET ACK using spared TPC symbols 
	· Signalling re-used for FET control channel
	· NodeB needs to skip sending TPC bits every alternate slot, and send ACK in spare TPC positions when needed.
	· UE needs to monitor ACK on alternate TPC symbols starting from a predetermined slot number

	DTCH/DCCH compression and repetition
	· Increased chance of FET

· Improved battery saving due to more chance of DTX
	· Combining repeated packet across 10ms radio frames.
	· Requires packet repetition at MAC layer with 10ms TTI configuration in PHY layer 

	New Rate Matching and Interleaving for FET (Option 2)
	· Rate matching optimization in conjunction with FET

· New interleaving to enhance FET
	· Implementation of new de-rate matching, channel demultiplexing, and de- interleaving blocks 
	· Implementation of new rate matching, channel multiplexing, and interleaving blocks


[---------------------------------------------------------------------TEXT ENDS---------------------------------------------------------]
2. Conclusions

An overview of implementation complexity for proposed DCH enhancements was provided.  It is proposed that this text is included in the Technical Report.
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